Although many German monitoring sites report declines of NOx concentrations, NO 2 -concentrations actually stagnate or even increase quite often. Various analyses have identified the altered compositions of nitrogen oxides (NO 2 /NOx-ratio) emitted by motor vehicles (resulting in an increase of primary NO 2 -emissions) as well as the chemical environmental conditions (mainly ground level ozone) as the main causes. The chemical conversion of NO to NO 2 is often parameterized in dispersion calculations of exhaust emissions. A widely applied conversion model is the so-called Romberg approach from 1996. However, the Romberg approach has to be re-evaluated to accommodate the above-mentioned conditions. This article presents an adjustment to the Romberg approach in accordance with the measured data from 2000 to 2006, taking into consideration substantially higher NO 2 /NOx-ratios especially for higher NOx-concentrations. Model calculations with OSPM (Operational Street Pollution Model) including its internal chemistry module are able to reproduce very well the trends in the measured annual NO 2 -concentrations over a 10 year period. The relevant parameters for variations between the years are the NOx-emissions, primary NO 2 -emissions, ozone concentrations, wind conditions, and background concentrations. A simplified chemistry model based on annual mean NOx-and NO 2 -concentrations, and background ozone concentrations, as well as primary NO 2 -emissions is presented as a better method than the updated Romberg approach. This model simulates the annual mean NO 2 -concentrations much more accurately than the conventional and the updated Romberg approaches.
Introduction
The formation of NO 2 from NO is a complex photochemical process. It is mainly depending on the total 
where A, B, and C are regression parameters. Two sets of parameters exist for both the annual average value as well as the 98-percentile value.
The results of this model are satisfactory, however, they cannot describe the tendency to stagnating or slightly increasing NO 2 -concentrations, which has been observed by data from roadside monitoring stations over the last years (BÄCHLIN et al., 2006) . This is due to changes in ozone values compared to before 1996, when the model was calibrated, as well as increased primary NO 2 -emissions following increases in installations of after-treatment systems in automobile exhausts (O x idation catalysts). ROMBERG et al.'s (1996) approach was recalibrated to current data within a research project for the regional environmental office of North Rhine-Westphalia. Based on the approach described above (Equation 1.1), the coefficients for A, B, and C were determined according to the new data sets. They were adjusted to capture the annual average values, the 98-percentile values, and the 19 th -highest hourly values.
Updating the Romberg approach
The data were evaluated for the years 2004 , 2005 , and 2006 in BÄCHLIN and BÖSINGER (2008 ) accordingly to ROMBERG et al. (1996 and graphically displayed. The regression functions were computed by using the least square method.
The constants for Equation (1.1) are listed in Tab. 1 for the given period of 2004 to 2006 along with the parameters from the conventional approach. The results are shown in Fig. 1 . Next to the values for the conventional method the new regression results are plotted together with the observed data. The regression parameters are those given in Tab. 1. Using the new approach, higher NO 2 /NO x ratios are obtained for NO x -values smaller than approx. 36 µg/m 3 . Marginally smaller NO 2 /NO x ratios are obtained for NO x -values from approx. 36 µg/m 3 to approx. 140 µg NO x /m 3 . If the NO x -value is greater than 140 µg/m 3 , the new approach yields noticeably higher NO 2 /NO x ratios. Several of the roadside monitoring sites are located in this range. Fig. 2 shows the observed NO 2 -concentrations depending on NO x , as well as the two regression curves. It can be clearly seen that the approach by ROMBERG et al. (1996) results in too low NO 2 -values for high NO x -values. According to the current approach, a NO xvalue of approx. 81 µg NO x /m 3 yielded a NO 2 -value around the limit of 40 µg/m 3 . Using to the new approach, slightly lower NO 2 /NO x ratios are predicted in this range. The annual average value of 40 µg NO 2 /m 3 
OSPM chemistry model
More realistic conversions can be obtained if a chemistry model is applied. A simplified relation is often used to describe the chemical conversion in the equilibrium The considered reactions are:
is the photolytic frequency of NO 2 , k (ppb −1 s −1 ) is the reaction coefficient.
In the atmosphere, equilibrium between the three reacting gases (NO, NO 2 , O ) is quickly obtained. The photochemical equilibrium describes the condition, in which all three time derivates (left sides of Equations 3.3, 3.4, 3.5) identically yield zero. This means that production and loss of each gas are equal and the sum is zero. When these reactions are considered independently, the differential equations describing the decomposition of NO 2 , NO, and O 2 are defined as:
The first two terms on the right side describe the chemical transformation by thermal and photochemical reactions. The next term in Equations 3.3 and 3.4 describes the effect of emissions (index V , no direct emissions for ozone). The last term describes the mixing as a function of concentration differences between the background station (index B ) and the point, at which the concentration should be calculated, in this case the traffic station: if the concentration is higher at the traffic station than at the background station, this term is negative and the concentration decreases by the addition of air with a lower concentration in the assumed volume. The mixing is governed by the time constant τ , the residence time. 
with p = NO 2 /NO x being the fraction of NO 2 in the direct traffic emissions (will be discussed below) and [ 
This equation is used in the dispersion model OSPM to calculate the NO 2 conversion with an hourly resolution (PALMGREN et al., 2007; BERKOWICZ, 2000) . The parameter is calculated from meteorological values (e.g. wind speed and turbulence) as well as the road geometry (height of the street canyon) and represents the typical residence time the pollution is trapped inside the street canyon and is available for chemical reactions (see BERKOWICZ et al., 1997) . Typical values for are in the range of 80s to 150s.
The average hourly NO 2 -values calculated via the OSPM chemistry model (considering hourly data of primary NO 2 emissions, ozone concentrations, global radiation, temperature, and wind speed) match the observed data in 2006 from the station Corneliusstraße in Düsseldorf (see Fig. 4 ) very well. Comparable results have been optained at other stations and for other years. Therefore, the OSPM chemistry model is well suited to describe the formation of NO 2 , while considering the Calculations were also run with OSPM for the station Corneliusstraße in Düsseldorf (DÜRING et al., 2008) for the time range of 1997 to 2006. The results of the corresponding annual mean NO x and NO 2 -concentrations are given in Fig. 5 . It can be noted that the OSPM model can reproduce these values very well for the time range of 1997 to 2003. Even though NO x emissions decreased (not depicted here) due to the modernization of the motor fleet and, as a consequence, annual mean street canyon NO x -concentrations dropped by approx. 25 % between 1998 and 2003, the annual mean street canyon NO 2 -concentrations stagnates around a value of 60 µg/m 3 . The model calculations show that the decreasing NO x emissions were compensated by an increase in ozone concentrations and primary NO 2 emissions. The increase in the NO 2 /NO x ratio in the traffic emissions is shown as an example in Fig. 6 .
The increase in street canyon annual average NO xvalues after 2003 observed in the data cannot be reproduced by emission calculations based on HBEFA 2.1 (Manual of Emission Factors, see: www.hbefa.net). Various sensitive calculations also show that the remarkable increase in street canyon annual mean NO 2 -concentrations after 2003 (7 µg/m 3 to 10 µg/m 3 increase in comparison to 2003) can not be explained by an increase of the NO 2 /NO x ratio emissions, than by an increase in the total NO x emissions (keeping the NO 2 /NO x ratio constant). The reason for this discrepancy could possibly be found in inaccuracies during the emission determination (percentage of diesel-cars, amount of traffic, etc.).
Simplified chemistry model based on annual average values
Strictly speaking, the above equations of the chemistry model can only be used in time series calculations, because the parameters J and k are dependent on meteorological parameters. Based on research projects by BASt (Bundesanstalt für Straßenwesen) It has not been possible, to date, to compute the primary NO 2 emissions with the current HBEFA 2.1. Therefore typical values listed in Tab. 2 (from literature and own research data) were assigned equally to all stations. As soon as the new manual of emission factors is available, these shares can be calculated, specifically for every individual road.
The conversion calculations were performed with these values for observation data along rural and city roads. The NO x concentration, the background NO 2 concentration, and the ozone concentration were set as annual average values for each individual traffic station and the corresponding representative background station. The results are given in Fig. 7 for monitoring sites along federal highways. Fig. 8 shows the data from two city roads as an example. 
Conclusions
The following can be observed:
-The approach by ROMBERG et al. (1996) is often conservative for existing data up to the year 2003; however, it cannot reproduce the long term trends (e.g. A4 1k and A4 2k in Fig. 7 ).
-The approach by BÄCHLIN and BÖSINGER (2008) reproduces the existing measured data better than the approach by Romberg ( Fig. 1 and Fig. 2 ), but it cannot reproduce the long term tendencies very well, either ( Fig. 7 and Fig. 8 ).
-The simplified chemistry model that was introduced here can best reproduce the tendencies and the absolute values.
The reason for the good fit for trends in the NO 2 /NO x ratios is mainly due to the explicit incorporation of the share of primary NO 2 within all NO x emissions. Fig.  9 shows the annual mean NO 2 -concentration depending on the annual mean NO x -concentration for the simplified chemistry model at a share of 6 %, 16 % and 25 % primary NO 2 , as well as the parameterization by ROMBERG et al. (1996) and BÄCHLIN and BÖSINGER (2008) , for comparison. It can be seen that the Rombergparameterization is set at p = 6 %. This was to be expected because the calibration was performed before 1996 and p was about 5 % to 10 % at that time. The parameterization by BÄCHLIN and BÖSINGER (2008) can be reproduced with a p of 16 %. The calibration for this model was done on data from 2003 to 2006, and the average NO 2 emission share then was between 12 % and 17 % (Tab. 2).
A further increase of NO 2 shares is to be expected over the next years (e.g. IFEU, 2007) leading to a further increase of the NO 2 /NO x ratios. This also means: the higher the proportion of primary NO 2 emission becomes, the more NO x emissions have to be reduced in order to comply with the limit value of 40 µg/m 3 . Fig. 10 shows the comparison between annual mean NO 2 -values concentrations, calculated via the simplified chemical model, and measurements from more than 30 German monitoring sites (highways and city roads) between 1997 and 2006. It can be noted that this approach reproduces the observed data very well (r 2 = 0.88, the slope of the curve is approx. 1). Therefore, this model is better suited to calculate the NO-NO 2 conversion than the parameterization by ROMBERG et al. (1996) and BÄCHLIN and BÖSINGER (2008) , by explicitly including primary NO 2 emissions and ozone concentrations.
